Recently, substituted 1,8-dioxodecahydroacridine derivatives have been investigated and found to possess a wide variety of biological and pharmacological activities. Two of these biologically relevant N-heterocyclic scaffolds, 2-(9-(4-methoxyphenyl)-3,3,6,6-tetramethyl-1,8-dioxo-1,2,3,4,5,6,7,8--octahydroacridin-10(9H)-yl)succinic acid (MTDOSA) and 2-(3,3,6,6-tetramethyl-9-(4-nitrophenyl)-1,8-dioxo-1,2,3,4,5,6,7,8-octahydroacridin-10(9H)-yl)succinic acid (NTDOSA), have been studied in ground and first excited state using DFT method employing B3LYP/6-311++G(d,p) level of theory. Quantum chemical calculations of geometrical structure and vibrational wavenumbers of MTDOSA and NTDOSA were carried out using DFT method. The experimental FT-IR spectra of the compounds were recorded in the range 4000-400 cm -1 and comprehensively interpreted on the basis of potential energy distribution. The global reactivity descriptors are calculated and discussed. Moreover, 1 H-and 13 C-NMR spectral data have been calculated using the gauge independent atomic orbital method and compared with experimental spectra. The docking studies reveal that the compounds MTDOSA and NTDOSA have strong binding affinity toward the target protein 5KLH. Thus, the compounds have a possible use as an antileishmanial drug.
INTRODUCTION
Diversely substituted 1,8-dioxodecahydroacridine derivatives have been studied for their wide range of notable pharmacological properties including antima-54 YADAV et al. larial, antitumor, antiprion, anti-Alzheimer's, antimicrobial, antileishmanial and antitrypanosomal [1] [2] [3] activities in the last decade. Positive ionotropic tropic effects have been exhibited by acridines 4 and its derivatives such as 1,8-dioxodecahydroacridines are also recognized as laser dyes. 5 Having wide range of applicability, various synthetic procedures have been adapted to generate these biologically important compounds and their derivatives. 6, 7 Brahmachari et. al. 8 recently reported a simple and convenient, eco-friendly, low-cost and practical protocol for the synthesis of a new series of diversely substituted 1,8-dioxodecahydroacridines, particularly bearing various amino acids as part of the building block. Keeping diverse biological and pharmacological properties of substituted 1,8-dioxodecahydroacridine derivatives in mind, herein we are presenting a detailed comparative study of geometric and electronic structure of 2-(9-(4--methoxyphenyl)-3,3,6,6-tetramethyl-1,8-dioxo-1,2,3,4,5,6,7,8-octahydroacridin--10(9H)-yl)succinic acid (MTDOSA) and 2-(3,3,6,6-tetramethyl-9-(4-nitrophenyl)-1,8-dioxo-1,2,3,4,5,6,7,8-octahydroacridin-10(9H)-yl)succinic acid (NTDOSA) in ground and first excited state is presented. The experimental spectral data (FT-IR, UV and NMR) of MTDOSA and NTDOSA are compared with the data calculated using theoretical (DFT/B3LYP) method. The molecular properties such as dipole moment, molecular electrostatic potential surfaces and frontier orbital band gap energies have been calculated for the better understanding of the properties of both compounds. Since the compounds under consideration are substituted derivatives of a biologically and pharmacologically active moiety, global reactivity descriptors like chemical potential, electronegativity, hardness, softness and electrophilicity index have been calculated and used to predict the reactivity of the molecules.
EXPERIMENTAL
The FT-IR spectrum of title molecules were recorded between 4000-400 cm -1 on a Shimadzu (FT-IR 8400S) FT-IR spectrophotometer using KBr disc. UV-Vis spectra for MTDOSA and NTDOSA were measured on a Shimadzu UV-1800 spectrophotometer with 1 cm quartz cell optical path length using MeOH as solvent, with their respective concentration of 2.02×10 -4 and 1.96×10 -4 mol L -1 . Their 1 H-and 13 C-NMR spectra were obtained at 400 and 100 MHz, respectively, using Bruker DRX-400 spectrometer and DMSO-d 6 as the solvents. Solvents were purchased from Sigma Aldrich.
Analytical and spectral data of the compounds are given in Supplementary material to this paper.
General procedure for the synthesis of substituted 1,8-dioxoacridines 4a and b
The title compounds were synthesized following the methodology previously published (Scheme 1). 8 Dimedone (1; 1 mmol), aspartic acid (2; 1 mmol), Bi(NO 3 ) 3 ⋅5H 2 O (10 mol%; 49 mg) and 4 mL dry ethanol were transferred to an oven-dried sealed tube in a sequential manner at ambient conditions, and the reaction mixture was then stirred vigorously for about 2 h. Afterwards, another portion of dimedone (1; 1 mmol) and 4-methoxybenzaldehyde (3a, 1 mmol)/4-nitrobenzaldehyde (3b, 1 mmol) was added to the stirred reaction mixture, and the ________________________________________________________________________________________________________________________ Available on line at www.shd.org.rs/JSCS/ (CC) 2019 SCS.
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stirring was continued for up to next 14 h under same reaction conditions. The progress of the reaction was monitored by TLC. On completion of the reaction, a solid mass precipitated out which was filtered off, followed by purification of the crude product by recrystallization from ethanol to furnish pure product 4a and b (Fig. 1 ). The structure of each of the products was confirmed by analytical as well as spectral studies including FT-IR, 1 H-NMR, 13 C-NMR and DEPT-135. The characterization data of the synthesized compounds 4a and b are given in as supplementary material. 
Computational details
All computations herein were executed using the GAUSSIAN-09 program package. 9 B3LYPof DFT and 6-311++G (d,p) basis set was used throughout the calculations. The vibrational unscaled wavenumbers we calculated and scaled down by the appropriate factor. 10, 11 56 YADAV et al.
The vibrational wavenumber assignments have been carried out by the corresponding potential energy distributions (PEDs) and the PEDs we computed from the VEDA 4 program. 12 TD-DFT calculations were performed in conjugation with IEFPCM model for solvent effect in methanol. 1 H-and 13 C-NMR chemical shifts of title compound were obtained using including atomic orbital (GIAO) method in DMSO at DFT/B3LYP method with 6-311++G(d,p) basis set.
RESULTS AND DISCUSSION
Molecular geometry
The geometry optimization for both molecules has been achieved by energy minimization, using DFT at the B3LYP level with 6-311++G(d,p) basis set. Optimized geometry of the molecules was further ensured to be located at the local true minima on potential energy surface, because calculated vibrational spectra contain no imaginary wavenumber. The calculated optimized geometrical parameters (bond lengths, bond angles and dihedral angles) of the MTDOSA and NTDOSA molecules are listed in Tables S-I and S-II of the Supplementary material, respectively, and the optimized molecular structures thus obtained along with the numbering scheme of the atoms are depicted in Fig. 2 . In the six-membered rings (R 1 -R 4 ) of molecules MTDOSA/NTDOSA, all the C-C bonds, N-C bond and C-H bond lengths are in full agreement with those reported in literature. 13 In both the molecules C=O bond lengths are equal to 1.221 Å, close to the standard C=O bond length (1.220 Å). 13, 14 
Vibrational analysis and FTIR spectrum
The theoretical vibrational analysis of both molecules were performed by using B3LYP level with 6-311++G (d,p) basis set. The experimental and calculated vibrational wavenumbers of MTDOSA and NTDOSA, along with their PED, are given in Tables S-III and S-IV of the Supplementary material, respectively. The calculated harmonic wavenumbers are generally slightly higher than that of their experimental counterpart. Therefore, proper scaling factors 10, 11 are employed to have a better agreement with the experimental wavenumbers. In the present study, vibrational wavenumbers calculated at B3LYP/6-311++G (d,p) level have been scaled by 0.967. The calculated IR spectrum of both the molecules agree well with the recorded FT-IR spectra in the region 4000-400 cm -1 using samples in the form of KBr disc. The experimental FT-IR and theoretical IR spectra of MTDOSA and NTDOSA have been shown in Fig. 3 . It should be mentioned herein that the FT-IR absorption peaks around 2360 cm −1 (experimental error and not characteristics of the chemical structures of the title molecules), recorded in both the spectra, are due to the atmospheric carbon dioxide encapsulated within the pores of the walls of KBr disc during sample preparation. 
O-H vibrations
Generally, the O-H stretching vibrations are found to be in the region around 3500 cm -1 . 15 In case of MTDOSA/NTDOSA the calculated stretching modes are found at 3629/3627 and 3523/3517 cm -1 . The O-H in-plane bending vibration, in general lies in the region 1250-1150 cm -1 . 15 In the present molecular study of MTDOSA/NTDOSA, the O-H in-plane bending vibration appears as a weak band in both molecules in the range 1275-1316/1253-1316 cm -1 .
Ring vibrations
In case of aromatic compounds multiple weak bands are generally observed in the range 3100-3000 cm -1 . 16 These bands are due to aromatic C-H stretching vibrations. In the present study, in case of MTDOSA and NTDOSA, both having three rings fused with each other and one phenyl ring, very weak bands in this region of the FT-IR spectra are shown. The symmetric and asymmetric C-H stretching modes of MTDOSA/NTDOSA, calculated at 3097/3115, 3090/3094, 3083/3093, 3001/3002, 2981/2983 and 2960/2962 cm -1 , are assigned well with FT-IR spectra.
C=O vibration
In IR spectra the appearance of a band around 1700 cm -1 shows the presence of a carbonyl group and is due to the C=O stretching. In the present study, the asymmetric stretching modes of C=O groups are calculated at higher wavenumbers (1785/1784 cm -1 ) and the symmetric stretching modes of C=O at slightly lower wavenumbers (1660/1659 cm -1 ) for MTDOSA/NTDOSA.
CH 3 vibrations
Both compounds (MTDOSA/NTDOSA) have four methyl groups attached to the ring (R2 and R4). The anti-symmetric and symmetric C-H stretching mode of the CH 3 group is expected around 2980 and 2870 cm -1 respectively. The asymmetric C-H stretching vibrational modes of CH 3 are calculated at 2987, 2983, 2975, 2974 cm -1 and 2997, 2989, 2988, 2984 cm -1 for MTDOSA and NTDOSA molecules respectively. Symmetric CH 3 stretching modes for MTDOSA and NTDOSA molecules are calculated at 2926, 2923 and 2978, 2975 cm -1 , respectively. The bending mode of vibrations of methyl group appears within the region 1465-1440 cm -1 . In the present investigation the wavenumbers corresponding to CH 3 bending vibration are ranged from 1464 to 1456 cm -1 in both molecules. One can note that there are two intense peaks observed at 288.2 and 225.6 nm in experimental spectra of MTDOSA in methanol, which are assigned to a shoulder at 284.19 and a peak at 232.61 nm in calculated spectra. Another peak at 348.41 nm has also been observed in theoretical UV spectra. These absorption maxima at 284.19, 232.61 and 348.41 nm are due to electronic transition from HOMO→LUMO+1, HOMO-4→LUMO+1 and HOMO-1→LUMO. In the case of NTDOSA, the calculated absorption maxima at 236.25 nm corresponds to the electronic transition HOMO→LUMO+7 and is in good agreement with the experimental absorption peak at 233.2 nm.
UV-Vis analysis
NMR analysis
Nuclear magnetic resonance (NMR) spectroscopy provides detailed information about the electronic structure and is an important tool to probe the surroundings of a nucleus. Carbon and hydrogen shielding tensors of MTDOSA and NTDOSA molecules are studied using both experimental and theoretical techni- Generally, the aromatic carbon shows chemical shift values from 100 to 150 ppm in 13 C-NMR spectrum. The chemical shifts of carbon atoms of ring (R1) in MTDOSA were calculated in the range 114.61-167.59 ppm with the experimental recorded value from 129.40 to 158.06 ppm in DMSO. This is due to the presence of electron-donating group MeO, which increased shielding in ortho positions. Due to the presence of electron withdrawing group NO 2 , which also increases deshielding, the molecule NTDOSA shows the chemical shift of carbon in range 130.07-164.77 ppm, which is in agreement with experimental value.
In the ring R2 and R4 chemical shift of 13 
Electronic parameters
Frontier molecular orbitals, namely highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) determine the way the molecule interacts with other species. The energy difference between HOMO and LUMO can be used to predict the chemical reactivity and kinetic stability of a molecule. A molecule with a small frontier orbital gap indicates its polarizable nature and is generally associated with a high chemical reactivity, low kinetic stability and such a molecule is termed as soft molecule. In the present DFT study, the frontier orbital gaps in case of MTDOSA and NTDOSA are 3.899 and 4.012 eV, respectively, i.e., the frontier orbital gap in MTDOSA is 0.113 eV lower than NTDOSA. The 3D plots of HOMO and LUMO frontier molecular orbitals for both molecules are shown in Fig. S-3 . In the compound MTDOSA, HOMO is found to be distributed mostly over the entire compound, except the phenyl ring (R1) and the methoxy group, while the LUMO is mostly contributed by methoxy phenyl ring with a small involvement of the entire fused heterocyclic ring, but in case of NTDOSA the contribution of HOMO is over the nitrophenyl ring (R1) and a little involvement of all fused heterocyclic rings, whereas LUMO is distributed over the whole molecule except nitrophenyl ring.
Electronic chemical potential (μ), absolute hardness (η) and global electrophilicity index (ω) 17, 18 are the descriptors of molecular stability and reactivity. These universal concepts may be defined using DFT. According to Parr 19 and Pearson, 20 μ (which is equal to the negative of the electronegativity of atoms and molecules) was defined as: µ = -1/2(I + A) (1) where I is the vertical ionization energy and A stands for the vertical electron affinity. Absolute hardness can be shown to be: [17] [18] [19] [20] [21] [22] η = I -A (2) Furthermore, ω was introduced by Parr 17,23,24 and may be obtained using μ and η:
The parameter ω defines the capability of a species to accept electrons. Thus, the low value of ω has been associated with a good nucleophile, while a high value of it characterizes a good electrophile. This new reactivity property has been manifested recently in explaining the toxicity of various pollutants in terms of their reactivity and site selectivity. 25 The calculated values of the global reactivity parameters for the MTDOSA and NTDOSA molecules have been reported in Table I . The substituted acridine derivative MTDOSA contains donor substituent methoxyphenyl that increases the energy of the HOMO and of the LUMO, while NTDOSA contains the acceptor substituent nitrophenyl which decreases the energy of HOMO and LUMO. The energy gap in MTDOSA (3.899 eV) is lower than NTDOSA (4.012 eV) and it that reveals MTDOSA is more reactive in comparison to NTDOSA. The high value of chemical potential (-3.7149 eV) and the low value of electrophilicity index (1.7694 eV) for MTDOSA characterizes its electrophilic behaviour, while compound NTDOSA having lower value of chemical potential (-4.4405 eV) and higher value of electrophilicity index (2.4567 eV) makes its character nucleophilic. 
Molecular electrostatic potential
The molecular electrostatic potential (MEP) and electronic density are related to each other and the MEP yields information on the molecular regions, which are preferred or avoided by an electrophile or nucleophile. MEP is a very useful parameter for determining reactive sites in the molecular system. 26 The electrostatic potential increases by different colours in the order of red < orange < yellow < green < blue. The maximum negative region indicated by red colour represents the site for electrophilic attack, while the regions of nucleophilic attack are indicated by blue colour and represent a maximum positive region. 27, 28 MEPs for both the molecules were plotted using B3LYP/6-311++G (d,p) level for the optimized geometry, to predict the reactive sites for electrophilic and nucleophilic attack, are shown in Fig. S-10 . From the MEP map of MTDOSA it can be seen that the region of negative potential is over the oxygen atom and the region having positive potential is over the hydrogen atoms of the fused rings. In case of NTDOSA the most negative potential region is hovering over nitro group and all the oxygen.
Molecular docking
The molecular docking reveals the process by which a drug (molecule) and a receptor fit together and dock to each other well, and the molecule binding to a receptor inhibits its function and thus acts effectively as a drug. The docking was done by Swiss Dock 29 which avoids sampling bias and provides a way of docking over whole protein without specifying the region of the protein as a bonding pocket. The resulting output clusters were obtained after each run and the result for both compounds shows that cluster 0 is having the best full fitness (FF) score. The more favourable binding site between a ligand and its receptor is signified by the highest negative FF score. On account of antileishmanial activities shown by substituted 1,8-dioxodecahydroacridine derivative, the docking studies have been performed on the title compounds, MTDOSA and NTDOSA with Trypnosoma brucei pro-cyclic specific surface antigen-2 (TbPSSA-2, PDB ID: 5KLH), 30 the reason for the vector-borne diseases of humans and livestock in sub-Saharan Africa. The FF score obtained for protein targets clearly shows that the molecule MTDOSA is bonded with the target protein with one hydrogen bond at 2.583 Å (FF score: -1466.9 kcal*/mol and binding affinity ΔG: -7.57 kcal/mol) and NTDOSA are effectively bonded with 5KLH target with four hydrogen bonds at 2.030, 2.036, 2.295 and 2.355 Å, respectively (FF score: -1459.1 kcal/mol and binding affinity ΔG: -7.86 kcal/mol). The docking picture obtained from the UCSF chimera software 31 is shown in Fig. 5 . The docking result suggests that the title compounds have strong binding affinity towards the target protein, achieving the best FF score against 5KLH. Thus, the compounds might be used as active agents for transmission blocking therapy against TbPSSA-2. 
